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ABSTRACT
The Orion star-forming region is the nearest active high-mass star-forming region and has created a
large superbubble, the Orion–Eridanus superbubble. Recent work by Ochsendorf et al. has extended
the accepted boundary of the superbubble. We fit Kompaneets models of superbubbles expanding in
exponential atmospheres to the new, larger shape of the Orion–Eridanus superbubble. We find that
this larger morphology of the superbubble is consistent with the evolution of the superbubble being
primarily controlled by expansion into the exponential Galactic disk ISM if the superbubble is oriented
with the Eridanus side farther from the Sun than the Orion side. Unlike previous Kompaneets model
fits that required abnormally small scale heights for the Galactic disk (<40 pc), we find morphologically
consistent models with scale heights of 80 pc, similar to that expected for the Galactic disk.
Keywords: stars:formation - ISM:bubbles - ISM: individual objects (Orion–Eridanus Superbubble) -
ISM:structure - Galaxy:disk
1. INTRODUCTION
O- and B-type stars create strong stellar winds, in-
tense radiation fields, and powerful supernova explo-
sions. All three of these processes can shape the na-
tal molecular clouds surrounding these stars, with such
young stars often creating large cavities of hot (106 K)
plasma in the ISM (e.g. Heiles 1976; McCray & Kafatos
1987; Staveley-Smith et al. 1997; Heyer et al. 1998;
Churchwell et al. 2006, 2007; Bagetakos et al. 2011).
The combined action of an OB association can lead to
such bubbles becoming hundreds of parsecs in size. These
large bubbles formed by OB associations are referred to
as superbubbles.
While the Perseus OB2 (300 pc distant) and Sco-Cen
(150 pc distant) star-forming regions contain massive
stars, have the potential to form additional massive stars,
and have formed superbubbles, they are currently only
creating low- and intermediate-mass stars (Bally et al.
2008; Preibisch & Mamajek 2008). The nearest active,
high-mass star-forming region is the Orion star-forming
region, located approximately 400 pc away from the Sun
(Hirota et al. 2007; Menten et al. 2007; Sandstrom et al.
2007). The Orion star-forming region has created a
large superbubble, extending at least 45 degrees into
the constellation of Eridanus, such that the superbubble
has been named the Orion–Eridanus superbubble (e.g.,
Reynolds & Ogden 1979). Figure 1 shows a labeled Hα
image of the Orion–Eridanus superbubble, based on data
from the Virginia Tech Spectra Line Survey, Southern H-
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Alpha Sky Survey Atlas, and the Wisconsin Hα Mapper
(Dennison et al. 1998; Gaustad et al. 2001; Finkbeiner
2003; Haffner et al. 2003).
Figure 1. Hα map of the Orion–Eridanus superbubble, based on
data from the Virginia Tech Spectra Line Survey (VTSS), South-
ern H-Alpha Sky Survey Atlas (SHASSA) and the Wisconsin Hα
Mapper (WHAM), as obtained via the Sky View Virtual Observa-
tory. The Hα intensities are logarithmically scaled and capped at
200 Rayleighs to highlight the weaker, diffuse Hα features coming
from the bubble wall. The labels show key features of the super-
bubble, with the approximate edge of the superbubble proposed by
Ochsendorf et al. (2015) labeled as the “new bubble edge.”
In the half of the superbubble closer to the Galactic
plane, the Orion side of the bubble, there exists a bright
crescent of Hα emission that is known as Barnard’s Loop
(Pickering 1890; Barnard 1894), as well as the λ Ori
2ring, a spherical supernova remnant (SNR; Morgan et al.
1955). Barnard’s Loop was previously believed to be the
outer wall of the Orion–Eridanus superbubble, with λOri
lying outside of the bubble (e.g., Pon et al. 2014a), but
Ochsendorf et al. (2015) recently suggested that both
Barnard’s Loop and the λ Ori SNR are individual su-
pernova remnants embedded within the larger Orion–
Eridanus superbubble. Ochsendorf et al. (2015) identi-
fied additional Hα features between Barnard’s Loop and
the Galactic plane as the possible edge of the superbub-
ble, rather than these features just being unassociated
gas structures illuminated by ionizing photons escaping
from within the superbubble. These features are identi-
fied in Figure 1.
In the side of the superbubble farther from the Galactic
plane, the Eridanus side of the bubble, there are three
filamentary features referred to as the Eridanus filaments
and individually denoted as Arcs A, B, and C (Meaburn
1965, 1967; Johnson 1978; Pon et al. 2014b). These are
also labeled in Figure 1.
In this paper, we readdress the superbubble model so-
lutions found by Pon et al. (2014a) to see if any reason-
able fits can be found to the larger superbubble extent
suggested by Ochsendorf et al. (2015). In particular, we
test whether such a larger superbubble shape reduces the
previously noted discrepancy between the required scale
height of the ISM in the superbubble models and the
generally accepted value (Pon et al. 2014a).
2. KOMPANEETS MODEL FITTING
2.1. Model Set-up
The current, standard, analytic model for superbub-
ble growth is the Kompaneets model (Kompaneets 1960;
Basu et al. 1999). This model assumes, among other
things, that a bubble expands into an exponential atmo-
sphere, that the driving source is stationary with respect
to the exponential atmosphere, and that the pressure
within the bubble is spatially uniform.
The Hα data set presented in Figure 1 is used for the
Kompaneets model fitting in this paper. All fitting is
done by eye and we caution that there is significant de-
generacy in the models that provide reasonable fits to
the Hα morphology of the superbubble.
For model fits presented in this paper, the driving
source is required to be located near the Orion A and
Orion B molecular clouds, toward the heart of the Orion
star-forming region. The Orion end of the superbubble is
set at a distance of 400 pc. For the Orion half of the su-
perbubble, the approximate boundaries of the superbub-
ble identified by Ochsendorf et al. (2015) are used. That
is, the Hα features outside of Barnard’s Loop are used as
the bubble edge, such that the superbubble is wider than
Barnard’s Loop and wider than in the Pon et al. (2014a)
models.
Due to the greater extent of the superbubble in
Ochsendorf et al. (2015), Arc C can now be incorporated
into the edge of the superbubble wall, as part of a con-
tinuous structure with Arc B. Such a large bubble extent
means that the diffuse 0.25 keV X-ray emission located
near Arc C can also be encompassed within the bubble
boundary (Snowden et al. 1997). Previously, Pon et al.
(2014a) were forced to place Arc C outside of the super-
bubble wall, with the suggestion that Arc C was formed
from a localized blowout of the superbubble.
While Arc A lies along the wall of the superbubble in
these model fits, we do not require it to lie along the edge
of the bubble, as seen from the Sun, or trace a surface of
equal distance from the driving source, as required in the
Pon et al. (2014a) models. There are indeed indications
that Arc A may not even be associated with the super-
bubble (Boumis et al. 2001; Welsh et al. 2005; Ryu et al.
2006; Pon et al. 2014b).
As in Pon et al. (2014a), different orientations of the
superbubble, with the Eridanus end of the bubble being
further or closer to the Sun than the Orion end, are exam-
ined. The orientation of the superbubble is parametrized
by the inclination, relative to the plane of the sky, of the
superbubble’s major axis at the point in the sky where
the middle of the superbubble would be if the ends were
equidistant. This inclination is denoted as θ, such that
i = θ − sin−1
(
z
2de
)
, (1)
where i is the angle between the superbubble’s major
axis and the plane of the sky at the Orion end of the su-
perbubble (with positive values indicating the bubble is
going into the plane of the sky), z is the major axis length
of the superbubble, and de is the distance to the Orion
end of the superbubble (400 pc). For this parametriza-
tion, negative values of θ place the Eridanus end closer
than the Orion end, positive values place the Eridanus
end farther than the Orion end, and for equidistant ends,
θ is 0. We will later introduce an additional angle, φ,
to denote the angle between the normal to the Galac-
tic plane and the major axis of the superbubble. Please
see Pon et al. (2014a) for more details about the Orion–
Eridanus superbubble and the motivations behind fitting
a Kompaneets model to the superbubble.
2.2. Best Fits
Reasonable fits to the superbubble morphology are
found for most inclinations and a range of the best fitting
models are shown in Figure 2. A summary of the input
parameters of the different best fits are listed in Table
1, while a summary of derived parameters are given in
Table 2.
One significant difference between the various models
is the minimum distance between the Sun and the near
side of the superbubble. As the Eridanus end of the bub-
ble is moved farther from the Sun, the near side of the
superbubble also moves further away. Based upon inter-
estellar absorption features toward the Eridanus half of
the superbubble, the near side of the superbubble is typ-
ically taken to be at a distance of 180 pc from the Sun
(Frisch et al. 1990; Guo et al. 1995; Burrows & Zhiyu
1996; Welsh et al. 2005). For the near side of the bubble
wall to be located 180 pc away, a θ value of approxi-
mately -35◦ is required. Smaller θ values place the near
side too close to the Sun, for instance the best fit with
θ = −50◦ places the near wall at a distance of only 134
pc, while larger values of θ produce near side distances
greater than 200 pc. For the large θ models, the material
causing the absorption feature at 180 pc would have to
be a structure separate from the superbubble wall, per-
haps associated with the foreground population of low
(Bouy et al. 2014) and high-mass stars (Bouy & Alves
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(a) (b)
(c) (d)
Figure 2. Best-fit Kompaneets models for θ = -50◦, -20◦, 10◦, and 41◦ are shown in panels (a) - (d). The value of θ is indicated in the
top right of each panel. The blue asterisk shows the location of the driving source. The background color is the Hα integrated intensity
from Figure 1.
2015).
The far side of the superbubble, toward the Eridanus
filaments, has not been detected in absorption line stud-
ies and may reside greater than 500 pc from the Sun
(Boumis et al. 2001; Welsh et al. 2005; Ryu et al. 2006).
Only the models with positive θ values have maximum
distances of the bubble wall from the Sun greater than
500 pc. The negative θ values would require the backside
of the bubble to have been missed in these absorption
line studies, potentially due to the wall being too highly
ionized to be detected in Nai or Caii absorption.
The model with θ = 41◦ is of particular note as this
model has the superbubble aligned as close to the normal
to the Galactic plane as possible. As discussed in greater
detail in Pon et al. (2014a), because the Orion star-
forming region is 130 pc below the Galactic plane, the
elongation of the superbubble to more negative Galactic
latitudes can either be due to a physical extent perpen-
dicular to the plane or elongation toward the Sun. The
θ = 41◦ model minimizes the angle between the super-
bubble major axis and the normal to the Galactic plane,
although this angle is constrained to be at least 30◦ based
4Table 1
Kompaneets model input properties
θ y˜ ls bs ds le be de
(◦) (◦) (◦) (kpc) (◦) (◦) (kpc)
(1) (2) (3) (4) (5) (6) (7) (8)
-50 1.94 208.1 -16.5 356 209.5 -14.5 400
-35 1.87 208.3 -15.3 356 211 -11 400
-20 1.75 208.5 -15.9 359 213 -9 400
-5 1.66 207.9 -16.3 369 214 -7 400
10 1.64 207.8 -17.0 385 215 -6 400
25 1.67 207.3 -16.8 405 215 -5 400
41 1.80 208.2 -17.4 423 215 -6 400
Note. — Column 1 gives the inclination, relative to the
plane of the sky, of the superbubble’s major axis at the point
in the sky where the middle of the superbubble would be if
the ends were equidistant, with negative values indicating
that the Eridanus end is closer than the Orion end. Col-
umn 2 gives the value of the y˜ parameter. Columns 3-5
give the Galactic longitude, Galactic latitude, and distance
from the Sun of the driving source of the superbubble, while
Columns 6-8 give the Galactic longitude, Galactic latitude,
and distance from the Sun of the Orion end of the bubble.
Table 2
Kompaneets model derived properties
θ H dmin dmax φ Age P/k T tblowout tsuper Etot vexp
(◦) (pc) (pc) (pc) (◦) (Myr) (104 cm−3 K) (106 K) (Myr) (Myr) (1051 erg) (km s−1)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
-50 35 134 401 89 2.0 1.2 3.9 0.2 -0.2 1.2 205
-35 41 179 417 71 2.3 1.5 3.8 0.5 0.006 1.5 200
-20 54 204 444 58 3.2 1.6 3.6 1.3 0.6 2.0 107
-5 66 224 484 47 4.0 1.5 3.5 2.3 1.5 2.5 77
10 75 245 536 38 4.8 1.3 3.4 3.0 2.0 3.0 68
25 81 268 599 33 5.7 1.1 3.3 3.2 2.1 3.6 68
41 76 294 674 30 5.9 0.8 3.3 2.0 1.0 3.8 98
Note. — Column 1 gives the inclination, relative to the plane of the sky, of the superbubble’s major axis at
the point in the sky where the middle of the superbubble would be if the ends were equidistant, with negative
values indicating that the Eridanus end is closer than the Orion end. Column 3 gives the scale height of the
exponential atmosphere. Columns 4 and 5, respectively, give the distance to the closest and farthest point on the
superbubble wall from the Sun. Column 6 gives the angle that the major axis of the superbubble makes with the
normal to the Galactic plane. Columns 7-9 give the age, interior pressure, and interior temperature of the bubble,
respectively, assuming an initial density of the exponential atmosphere of 0.75 cm−3 at the height of the driving
source and a wind luminosity of 2× 1037 erg s−1. Columns 10 and 11 give the time until the superbubble blows
out and the time until the top cap becomes supersonic. These times are measured from the present, such that
negative values for Column 11 indicate that the superbubble top cap is already supersonic. The total amount
of mechanical energy injected into the superbubble so far is given in Column 12. Column 13 gives the model
predicted current expansion speed of the Eridanus end of the superbubble.
on the angle between the projection of the superbubble
major axis on the plane of the sky and the Galactic nor-
mal. Models with smaller values of θ are more closely
aligned parallel to the Galactic plane, with the θ = −35◦
model making an angle of 71◦ with respect to the Galac-
tic normal. The θ = −50◦ model has the superbubble
almost perfectly parallel to the Galactic plane.
The parameter y˜ is a measure of the relative evolu-
tionary stage of a superbubble, with y˜ increasing from
0 to 2, at which point the bubble has completely blown
out. When coupled with the maximum physical radius
of a superbubble, R, the y˜ parameter can be used to de-
termine the required scale height H of the exponential
atmosphere into which the superbubble is expanding, via
R = 2H sin−1 (y˜) . (2)
Prior observations of the ISM in the Milky Way sug-
gest that the Galactic ISM should have a scale height
of the order of 100 to 150 pc in the vicinity of Orion
(Kalberla & Kerp 2009).
For the models presented in this paper, the elonga-
tion of the superbubble is the smallest when the abso-
lute value of θ is small, with y˜ correspondingly increas-
ing with the absolute magnitude of θ. For the models
with θ between -20◦ and −50◦, the required scale height
of the ISM is a problematically small 35-55 pc. For pos-
itive values of θ, the increase in y˜ with |θ| is partially
offset by the increasing physical radius of the superbub-
ble, as a more distant bubble must be larger to have the
same angular size. As such, most of the θ > 0◦ models
have very similar scale heights around 75-80 pc. While
not quite the expected 100 pc scale height of the Galaxy,
this is much closer to what is expected than required by
the previous narrower Kompaneets models of Pon et al.
(2014a), which had scale heights of at most 40 pc.
The dimensionless parameters of a Kompaneets model
can be converted to physical units if the initial den-
sity of the ISM at the height of the driving source and
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the mechanical energy input rate are given. The age,
interior pressure, and interior temperature of each su-
perbubble model are given in Table 2 under the as-
sumption that the initial gas density is 0.75 cm−3
(Heiles 1976; Ferriere et al. 1991; Brown et al. 1995;
Kalberla & Kerp 2009) and the mechanical energy in-
put rate of the Orion star-forming region is 2× 1037 erg
s−1 (Reynolds & Ogden 1979; Brown et al. 1994). This
is the mechanical energy input rate and the midpoint of
the density range investigated by Pon et al. (2014a).
The age of the superbubble increases with increasing
θ, with ages from 2.0 to 6.0 Myr. These values are all
consistent with previous estimates of a few million years
for the dynamical age of the superbubble (Brown et al.
1994), as well as the range of ages of the various stellar
groups in Orion. The OB1a, b, c, and d groups have ages
of 8-12, 2-8, 2-6, and < 2 Myr, respectively (Brown et al.
1994; Bally 2008). The bubble models predict interior
pressures, P/k, of the order of 104 cm−3 K and inte-
rior temperatures of (3-4) ×106 K, consistent with prior
estimates (Williamson et al. 1974; Naranan et al. 1976;
Long et al. 1977; Burrows et al. 1993; Guo et al. 1995;
Burrows & Zhiyu 1996).
Table 2 also gives the time until the superbubble mod-
els will blow out, the time until the top cap will become
supersonic, and the total energy injected into the su-
perbubble. These times are measured from the present
epoch, rather than from the birth of the superbubble.
For all models, the total energy required to form the
bubble is of the order of a few times 1051 erg, which
can be provided by a small number of supernova explo-
sions, given that a typical supernova injects at most 1051
erg (e.g., Veilleux et al. 2005). This is also of the order
of the estimated kinetic energy of the superbubble from
observations (Brown et al. 1995).
The fundamental assumption of the Kompaneets
model that the interior pressure of the superbubble re-
mains spatially uniform is expected to break down when
the expansion velocity becomes larger than the interior
sound speed. For the two best-fit models presented in
Pon et al. (2014a), the end cap becomes supersonic be-
fore the bubble takes its final, observed morphology. For
the models presented in this paper, the expansion speed
is subsonic at all times, except for the θ = −50◦ model.
Table 2 gives the predicted expansion velocity of the Eri-
danus end cap at the current time. For the θ = −50◦
model, the sound speed is given, instead of the super-
sonic velocity of the model. The θ = −35◦ model has an
expansion speed approximately equal to the sound speed
(∼ 200 km s−1), while all other models predict lower ve-
locities, in the range of 60-110 km s−1. The sound speed
is calculated for each bubble based on the model derived
interior temperature.
The expansion speed of the superbubble was ini-
tially estimated to be 15 km s−1 (Menon 1957;
Reynolds & Ogden 1979), but more recent esti-
mates place the expansion velocity closer to 40
km s−1 (Cowie & York 1978; Cowie et al. 1979;
Brown et al. 1995; Huang et al. 1995; Welty et al. 2002;
Ochsendorf et al. 2015). The comparison of these
observationally determined expansion velocities and
model predictions is hampered by a number of factors.
The observed expansion velocities are only based on
line-of-sight motions and may be lower than the true,
3D expansion velocities. The brightest emission is also
detected toward the edges of the bubble, due to an
increase in the line-of-sight depth of the bubble wall,
which is where the expansion velocity is preferentially in
the plane of the sky. The Hα emission from the bubble
wall is quite weak toward the interior of the superbubble,
making measurements of the expansion velocity difficult
for points where the bubble is expanding preferentially
along the line of sight. The expansion velocity predicted
for the edge of the bubble is the highest at the Eridanus
end and decreases toward the Orion end, but most of
the measurements of the expansion velocity of the su-
perbubble have been made toward the Orion end. Since
all of these effects can lower the observed expansion
velocity, it is not clear if the larger expansion velocities
predicted from the Kompaneets model are completely
at odds with the observations.
The true expansion velocity of the superbubble, how-
ever, is likely to be slightly less than predicted, since the
Kompaneets model does not account for momentum con-
servation. The Kompaneets model also does not account
for the cooling of the bubble via mass loading, which
would reduce the internal pressure of the bubble and
thus reduce the expansion velocity. Ochsendorf et al.
(2015) present evidence for a lower temperature within
the superbubble between Barnard’s loop and the Galac-
tic plane and discuss the possibility of a density gradient
set up by mass loading within this portion of the super-
bubble.
2.3. Ionization Front
For a particular Kompaneets model, if the tempera-
ture of the bubble wall, the ionizing luminosity of the
driving source, the pressure within the wall, and the ini-
tial density of the surrounding material at the location of
the driving source are known, then the locations where
the ionizing radiation fully penetrate the bubble wall can
be calculated. We adopt a wall temperature of 8000 K
(Basu et al. 1999) and an ionizing luminosity of 4× 1049
s−1 (Reynolds & Ogden 1979), and investigate wall pres-
sures in the range of (1-5) ×104 K cm−3 (Burrows et al.
1993; Guo et al. 1995; Burrows & Zhiyu 1996) and ini-
tial gas densities between 0.5 and 1 cm−3 (Heiles 1976;
Ferriere et al. 1991; Brown et al. 1995; Kalberla & Kerp
2009). These are the same ranges used in Pon et al.
(2014a).
For all best-fit models, the ionizing photons will not
be fully trapped anywhere within the superbubble if
the pressure and density are the minimum values in the
above range. As θ increases, the physical bubble radius
also increases, thereby decreasing the ionizing flux at the
bubble wall and increasing the surface density of the wall.
Models with larger values of θ can thus more easily trap
photons within the bubble wall. For models with θ ≥ 5◦,
the ionizing photons are fully trapped throughout the en-
tirety of the bubble for the largest density and pressure
values examined. For these models, since there are rea-
sonable densities and pressures that can lead to the ioniz-
ing photons being trapped everywhere or not being fully
trapped anywhere, there should be intermediate densi-
ties and pressures that will allow the ionizing photons
to breakout at any desired point along the superbubble
6wall.
Pon et al. (2014a) identified linear H i features extend-
ing radially away from the Orion star-forming region,
with significant H i emission to more positive Galactic
latitudes of these features and very little emission to more
negative latitudes. These H i features coincide with sharp
drops in the Hα emission of Barnard’s Loop and were
interpreted as being due to the ionizing photons break-
ing out of the Orion–Eridanus superbubble’s walls. All
of these features, however, now occur within the larger
region identified as the Orion–Eridanus superbubble in
this paper, such that we no longer have any obvious ob-
servational signatures of ionizing photons breaking out
of the bubble in order to further constrain the pressure
and density of the superbubble model. The total ioniz-
ing luminosity of the Orion star-forming region is known
to be sufficient to account for the total amount of Hα
emission observed from the Orion–Eridanus superbubble
(Ochsendorf et al. 2015).
3. COMPARISON WITH PREVIOUS MODELS
Pon et al. (2014a) previously fit Kompaneets models
to the Orion–Eridanus superbubble, but assumed that
Barnard’s Loop was part of the superbubble wall. As
such, the Pon et al. (2014a) model fits are more elon-
gated, have larger y˜ values, and have smaller scale heights
(15-40 pc) than the best-fit models presented in this pa-
per.
Pon et al. (2014a) presented two best fitting models:
one where the Eridanus side of the superbubble is closer
to the Sun than the Orion star-forming region (denoted
as model T) and one where the Eridanus side is more
distant (denoted as model A). Model T is relatively sim-
ilar to the θ = −50◦ and θ = −35◦ models, as all three
models have the superbubble inclined almost parallel to
the Galactic plane and have scale heights much less than
100 pc (e.g., 15 pc in the case of model T). Model A is
most similar to the θ = 10◦, 25◦ and 41◦ models, with
these four bubbles all being relatively closely aligned to
the normal to the Galactic plane and having some of the
larger scale heights of the best fitting models. Pon et al.
(2014a) found that to get a good fit with the Eridanus
side more distant, that is for model A, they required a
bubble that is larger than Barnard’s Loop at more pos-
itive Galactic latitudes. To explain this size mismatch,
they suggested that extra material in the Orion star-
forming region could have preferentially hindered the ex-
pansion of the bubble toward the Galactic plane. The
model A fit, however, did not quite extend out to the
Hα features that we consider to be the edge of the su-
perbubble in this paper.
In Pon et al. (2014a), Arcs A and B were required to
trace a constant line of latitude along the edge of the
superbubble, a constraint not required in this paper.
Pon et al. (2014a) thus ascribed the formation of Arcs
A and B to a process dependent on the distance from
the driving source of the superbubble, such as the break-
out of the ionizing flux. This also required one of the two
arcs to be on the near side of the superbubble and one
to be on the far side.
In the models presented in this paper, Arc A is not
constrained to lie on the near or far sides of the bub-
ble. Therefore, the different models make no prediction
about whether Arc A should have the velocity of the near
or far side of the superbubble or whether Arc A should
absorb X-rays coming from the hot interior of the super-
bubble. There is some debate about whether Arc A is
even associated with the superbubble (Pon et al. 2014b).
The models presented in this paper do, however, pro-
vide a natural explanation for the appearance of Arcs
B and C. In all of the models, these arcs lie along the
edge of the bubble, where the line of sight through the
bubble wall should be lengthened and the bubble most
visible. That is, these models suggest that Arcs B and
C are visible due to geometric projection affects, rather
than the Arcs having to be regions with more mass than
their surroundings, as in the Pon et al. (2014a) models.
Cartoon schematics of the θ = −50◦ and 41◦ models
are shown in Figure 3, along with diagrams for models
A and T of Pon et al. (2014a).
4. DISCUSSION
The models with the most positive and most nega-
tive θ values present very qualitatively different bubble
morphologies for the Orion–Eridanus superbubble. The
models with the most positive θ values have the bub-
ble oriented roughly perpendicular to the Galactic plane
and produce scale heights close to, albeit slightly smaller
than, the 100 pc scale height expected for the Galac-
tic disk. These model predictions for the structure of
the Galactic ISM are consistent with the expected struc-
ture of the ISM. Therefore, if the Orion–Eridanus super-
bubble morphology is that of these positive θ models,
Kompannets model should be considered to be reason-
able representations of the superbubble, further meaning
that the expansion of the superbubble has likely been pri-
marily controlled by the exponential density gradient of
the Galactic disk. A small, additional contribution from
a secondary factor, such as magnetic fields (Tomisaka
1992, 1998; Stil et al. 2009), would still be required to
explain the small (∼ 30◦) angle between the normal to
the Galactic plane and the superbubble major axis.
The presence of a series of bubbles nested within the
Orion–Eridanus superbubble, such as Barnard’s Loop
and the λ Ori bubble (Ochsendorf et al. 2015), is con-
sistent with the Kompaneets model, as the model as-
sumes a constant energy input from the driving source.
These additional supernova explosions within the larger
superbubble will rapidly expand and transfer energy to
the superbubble wall, thereby providing additional en-
ergy to the superbubble over the lifetime of the Orion
star-forming region. This rejuvenation of the superbub-
ble from successive supernovae is further discussed in
Ochsendorf et al. (2015).
The models with the most negative θ values require
a density gradient parallel to the Galactic plane with
an unlikely small scale height of ∼40 pc, in significant
disagreement with the expected density structure in the
Galactic plane. As such, if the Orion–Eridanus super-
bubble is indeed oriented parallel to the plane, we do
not consider Kompaneets models to be a good fit to the
superbubble. To create such a parallel bubble, a phys-
ical mechanism not included in the Kompaneets model
is likely primarily controlling the evolution of the super-
bubble.
One possible explanation for such an elongated su-
perbubble would be if the driving source of the bubble
was moving parallel to the plane. The successive super-
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nova explosions from such a moving source would create
a chain of adjacent bubbles that could then merge to
produce a superbubble elongated parallel to the plane.
Bouy & Alves (2015), in fact, have recently identified
a blue stream of young stars extending into the plane
of the sky toward the Orion star-forming region, sug-
gesting that star formation has indeed propagated from
a position closer to the Sun to the current site of the
Orion star-forming region. The nested shells seen by
Ochsendorf et al. (2015) would then just be the most
recent SNRs in a series of supernovae extending away
from the Sun in the direction of Orion. Welsh et al.
(2005) also argued for the presence of multiple gas shells
within the superbubble based upon absorption line data
and the existence of the Eridanus filaments has also pre-
viously been interpreted as evidence for multiple bub-
bles (Boumis et al. 2001; Welsh et al. 2005; Ryu et al.
2006, 2008; Jo et al. 2011). Such an orientation of the
superbubble parallel to the Galactic plane is plausible,
as many other Hi shells show alignment parallel, rather
than perpendicular to the Galactic Plane (Heiles 1979;
Ehlerova´ & Palousˇ 2005, 2013; Suad et al. 2014).
Please also see the more in depth discussion within
Pon et al. (2014a) of possible secondary driving sources
and additional physical processes that could elongate a
superbubble.
5. CONCLUSIONS
The Orion star-forming region is the nearest star-
forming region actively forming high-mass stars. It
has created a large superbubble known as the Orion–
Eridanus superbubble. Based on the recently proposed
larger size of the superbubble (Ochsendorf et al. 2015),
we have fit Kompaneets models to the Hα delineated
shape of the superbubble. We find that the Orion–
Eridanus superbubble can be matched by a variety of
models with various inclinations with respect to the plane
of the sky.
Models with the Eridanus side closer than the Orion
star-forming region (θ < 0) are more consistent with
absorption measurements indicating that the near side
of the superbubble is 180 pc distant from the Sun
(Frisch et al. 1990; Guo et al. 1995; Burrows & Zhiyu
1996; Welsh et al. 2005), but produce bubbles that are
roughly parallel to the Galactic plane and that require
unusually small scale heights for the Galactic ISM. Such
models are not consistent with the assumption that the
superbubble’s evolution is dominated by pressure driven
expansion into the exponential ISM of the Galactic disk,
which predicated the use of a Kompaneets model to
fit the superbubble. This morphology of the superbub-
ble could instead potentially indicate a moving driving
source, related to the production of the blue streams
identified by Bouy & Alves (2015).
Models in which the Eridanus side is farther away, how-
ever, not only place the major axis of the superbubble
reasonably close to the normal to the Galactic plane (as
close as 30◦), but also produce scale heights (80 pc) that
are reasonably consistent with the known properties of
the Galactic ISM. Previous Kompaneets model fits to the
Orion–Eridanus superbubble, where smaller Hα extents
were used, were unable to produce scale heights larger
than 40 pc, regardless of the orientation of the superbub-
ble. We thus posit that if the superbubble is aligned with
the Eridanus half farther from the Sun than the Orion
half, the decrease in ISM density away from the Galac-
tic plane could be primarily responsible for the current
morphology of the superbubble. Only a minor secondary
process would be required to explain the slightly small
80 pc scale height, compared to the expected 100-150 pc
scale height of the ISM, and the 30◦ tilt of the superbub-
ble major axis on the plane of the sky. For instance, the
local scale height near Orion may be somewhat smaller
than the Galactic average of 100-150 pc or magnetic fields
could have helped channel the superbubble.
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